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REMARKS 



Claims 19-31 and 33-39 are now in the application. Claim 19 has been amended to recite 
"polishing both metal and dielectric material at substantially the same polishing rate" previously 
recited in claim 32. Claim 19 has also been amended to recite "metal and dielectric material" in 
place of "surface" for purposes of consistency due to reciting "polishing both metal and 
dielectric material at substantially the same polishing rate". Claim 32 has been cancelled in view 
of the amendment to claim 19 and claim 33 has been amended to depend from claim 19 in place 
of now cancelled claim 32. The amendments do not introduce any new matter or new issues 
since the amendments are from prior claim 32. 

Claims 19-24, 26-27, 32-33 and 37-38 were rejected under 35 U.S.C. § 102(b) as being 
unpatentable under U.S. Patent 5,770,103 to Wang, et al. (hereinafter also referred to as 
"Wang"). Wang does not anticipate the present invention. By way of background, the present 
invention relates to a method for polishing a surface and especially those surfaces employed in 
microelectronics. The method of the present invention employs a slurry composition that is 
capable of polishing both metal and silicon dioxide at substantially equal rates (see page 1, lines 
7-9). The slurry compositions employed in the method of the present invention comprise 
abrasive particles and an oxidizing agent having a static etch rate on metal of less than 1000 A 
per hour and having a pH of about 5 to about 1 1 . 

As discussed in the specification, the present invention provides a method that is capable 
of removing the topography and scratches created during the polish of a prior level of 
metallization. 

In the manufacture of a semiconductor device, the wires for the chip in the "back end of 
the line" (BEOL) are usually formed by the so-called cloisonne process. In this process, the 
metal is uniformly deposited on the wafer, patterned with a mask, and then etched with a plasma 
reactive ion etch (RIE) tool to leave the metal isolated in regions where one desires the wires. 
Then the dielectric material is deposited, and polished using chemical mechanical planarization 
(CMP) to leave the conductors properly separated. One of the benefits of this process of forming 
the wires is that since the plasma RIE removes material on a "line of site", it is affective in 
removing the metal that might be deposited in topography that originated from a process 
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operation at a prior level. 

However, to both reduce cost and to utilize different, low-resistance materials for the 
construction of the metal wires, the cloisonne process is being replaced by the damascene 
process to form the wires in the BEOL. In this reverse process, the dielectric is first uniformly 
deposited, patterned with a mask and etched. Then the metal conductor is uniformly deposited 
such that it forms a conformal film over the entire wafer and fills the patterns that have been 
etched into the dielectric. Then, using CMP, the excess surface metal is removed to leave the 
wires filled with metal. One of the problems with this process is since the metal is removed via 
CMP, which planarizes as it removes the excess material, residual metal can remain in 
topography that has been created at prior levels. That is, if there is a scratch or erosion in the 
dielectric, the metal will fill that void and cannot be removed easily via CMP without 
considerable over polish and the resulting damage that it introduces. 

A specific example where this change in methodology of creating the wires is necessary 
is the manufacture of semiconductor devices with copper BEOL wiring. Since there is no viable 
process for etching copper currently available, it is a preferred technique to form the lines with 
the damascene process. In such a case, the local wiring of the semiconductor devices (that is at 
the lowest levels of the chip), usually utilizes tungsten as the conductor, which is then connected 
to the more global wiring in the BEOL, which is made of copper. In this specific example, it is 
found that erosion or scratching of the oxide dielectric at the last tungsten level replicates up and 
to the ensuing copper levels. The areas of erosion then lead to "puddles" of residual copper, and 
the scratches leave "stringers" of the copper, each of which if not removed at the copper CMP 
step would cause short-circuits. If these puddles or stringers are removed during the copper CMP 
step, it adds considerable processing time for the "overpolish." 

Since the removal of all of the surface metal is essential to eliminate the short circuits and 
because the damascene process is sensitive to both the material and underlying topography of 
those materials, it is clear that the surface of the wafer must be highly planar (i.e., no existing 
topography) prior to the deposition of the metal. The obvious method of achieving this polarity 
is to polish the dielectric into which the metal will be inlaid to create a smooth, scratch-free film 
prior to metal deposition. However, this has the disadvantage that it would necessitate additional 
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process steps (polishing and cleaning) and would result in a highly variable dielectric, and hence, 
conductor thickness. This would cause the undesirable result of having a variable resistance for 
the circuit. 

The present invention overcomes problems in the prior art. More particularly, as 
discussed above, the present invention employs a slurry composition that is capable of removing 
the topography and scratches created during the polish of a prior level metallization. The slurry 
composition employed according to the present invention, as discussed above, can polish both 
metal and silicon at equal or substantially equal rates. 

Wang fails to anticipate the present invention, since among other things, Wang fails to 
suggest selecting a pH of about 5 to about 1 1 along with selecting an oxidizing agent having a 
static etch rate on metal of less than 1000 A per hour. On the other hand, Wang suggests 
employing a slurry having a pH of 1 to about 7 and employing an oxidizing agent such as 
nitrates, iodates, chlorates, perchlorates, chlorites, sulphates, persulphates, peroxides, ozonated 
water and oxygenated water. Many of these oxidizing agents exhibit etch rate significantly 
greater than that recited in the claims. Moreover, none of the examples in Wang employ a slurry 
composition having a pH of at least about 5 along with an oxidizing agent having a static etch 
rate or metal of less than 1,000 A per hour. It has been found according to the present invention 
that both the pH and type of oxidizing agent, are judiciously selected in order to achieve the 
results obtainable by the present invention and namely to obtain polishing of both metal and 
silicon dioxide at equal or substantially equal rates. 

On the other hand, the polishing compositions and technique suggested by Wang result in 
achieving much higher metal etching rates. For instance, Wang has polishing rates of nearly 
4000 A/minute (calculated from their film stack divided by polish time in example 1 and 2) 
which is obtained by having a high chemical component of the slurry, which is true for the pH 
range discussed in the examples (<5). 

Contrary to the objectives of Wang, the purpose of the slurry used in the present 
invention is to keep the W rate low, and to make the W:BPSG selectivity = 1, by adjusting the 
pH higher than other slurries. According to the present invention, the pH is between 5 and 1 1 to 
make the selectivity equal or substantially equal. Needless to say, the tungsten polishing rate 
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according to the present invention is also a factor of about 20 less than that desired by Wang 

The objective of Wang is to achieve very high polishing rates for metal as contrasted to 
the results obtainable by the present invention. The objective of Wang is to provide a slurry for 
removing titanium and other metals while suppressing the rate of removal of silicon (for 
instance, see column 3, lines 1-7 thereof). To etch metal and silicon dioxide at substantially the 
same rate v^ould be contrary to the desires of Wang. 

In addition, the claims now recite "polishing both metal and dielectric material at 
substantially the same polishing rate" from prior claim 32, which as recognized by the Examiner 
is not taught by Wang. Moreover, as discussed above this effect would be contrary to the 
objectives of Wang. 

Furthermore, the process constituents such as the abrasive and the oxidizing agent used 
by Wang, et al are not identical to those claimed since nothing in Wang leads to employing a 
composition having the same abrasive, oxidizing agent, and pH as recited in the present claims 
from all of the possible combinations included within the suggestions of Wang. 

It seems that this rejection is based on the assumption that premised that chemistry of the 
slurries of Wang and the present invention are similar enough to resume the static etch rates are 
likewise similar. Such a presumption is in error and at best merely speculative (and quite often 
wrong) because of the presence of particles in a slurry. When dealing with slurries, the situation 
is more complex. For instance, it is known that slurries, with their large surface area for 
adsorption, behave very unpredictably and differently and specifically are very sensitive to pH 
and the material properties of the abrasive. It is also well knovra that the surface charge tends to 
drive this difference. It is know that the iso-electric point can be quite different between 
particles—even particles that are manufactured via different means. (For example, see GA Parks, 
Isoelectric Point of Solid oxides, Chemical Reviews, 1965 pp 177-198, copy attached). In fact, 
Wang's description states this effect explicitly, when discussing the complexation of various salts 
and organics to Si02 to affect polishing rate (Column 2, line 42-65 and Column 3, line 5). 

Wang fails to anticipate the present invention. In particular, anticipation requires the 
disclosure, in a prior art reference, of each and every recitation as set forth in the claims. See 
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Titanium Metals Corp. v. Banner, 227 USPQ 773 (Fed. Cir. 1985), Orthokinetics, Inc. v. Safety 
Travel Chairs, Inc., 1 USPQ2d 1081 (Fed. Cir. 1986), and Akzo N.V. v. U.S. International Trade 
Commissioner, 1 USPQ2d 1241 (Fed. Cir. 1986). 

There must be no difference between the claimed invention and reference disclosure for 
an anticipation rejection under 35 U.S.C. 102. See Scripps Clinic and Research Foundation v. 
Genetech, hic, 18 USPQ2d 1001 (CAFC 1991) and Studiengesellschaft Kohle GmbH v. Dart 
Industries, 220 USPQ 841 (CAFC 1984). 

Also, Wang lacks the necessary direction or incentive to those or ordinary skill in the art 
to render a rejection of the claims under 35 USC 103 sustainable. Wang fails to provide the 
degree of predictability of success of achieving the properties attainable by the present invention 
needed to sustain a rejection under 35 USC 103. See Diversitech Corp. v. Century Steps, Inc. 7 
USPQ2d 1315 (Fed. Cir. 1988), In re Mercier, 187 USPQ 774 (CCPA 1975) and In re Naylor, 
152 USPQ 106 (CCPA 1966). 

Moreover, the properties of the subject matter and improvements which are inherent in 
the claimed subject matter and disclosed in the specification are to be considered when 
evaluating the question of obviousness under 35 USC 103. See Gillette Co. v. S.C. Johnson & 
Son, Inc., 16 USPQ2d. 1923 (Fed. Cir. 1990), In re Antonie, 195, USPQ 6 (CCPA 1977), In re 
Estes, 164 USPQ (CCPA 1970), and In re Papesch, 137 USPQ 43 (CCPA 1963). 

No property can be ignored in determining patentability and comparing the claimed 
invention to the cited art. Along these lines, see In re Papesch, supra, In re Burt et al, 148 USPQ 
548 (CCPA 1966), In re Ward, 141 USPQ 227 (CCPA 1964), and In re Cescon, 177 USPQ 264 
(CCPA 1973). 

Furthermore, the law is well settled that claiming of a more specific range within a more 
generic range and/or claiming species from a broader group of possible compounds avoids the 
invention from being exactly the same as the prior art. The test employed is whether the claims 
read on the prior art disclosure, not on what the references broadly teach. 

For example, see Akzo N. V. v U,S International Trade Commissioner, 1 USPQ2d. 1241 
(Fed. Cir. 1986). In Akzo, claims that were drawn to a process for making aramid fibers using a 
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98% sulphuric acid were not anticipated by reference using a concentrated sulfuric solution but 
which did not specifically disclose that it was a 98% concentrated sulfuric acid solution. 

The Court further found that no anticipation exists when one would have to "randomly 
pick and choose a number of different polyamides, a plurality of solvents and a range of inherent 
viscosities" to reach the claimed invention. 

In Rem-Cru Titanium v. Watson, 1 12 USPQ 88 (D.D.C.-1956), the prior art showed 
alloys having broad ranges which included the claimed ranges. However, the prior art did not 
specifically disclose the more limited claimed ranges or alloys having the characteristics of the 
claimed alloy, which is analogous to the present case. Accordingly, the Court held the claims to 
be allowable. For a similar fact pattern and same holding, please see Becket v. Coe (CA, DC 
1938) 38 USPQ2 and Terakv. Watson (DC-DC 1954) 103 USPQ78. Also, s^t Minnesota 
Mining & Manufacturing Co. v. Johnson & Johnson Ortho-Paedics, Inc. (24 USPQ2d, 1321 
Fed. Cir. 1992). Here the Court held that although the claims may be subsumed in a prior art 
reference generalized disclosures, this is not literal identity. The reference ranges provided no 
guidelines on how to construct a product with the inventions attributes. 

An invention cannot be rejected based on inherency because of probability of possibilities 
of the presences of the constituents in the prior art. See Crown Operations International Ltd. v. 
Solutia, 24USPQ2d 1917 (Fed. Cir. 2002). 

Also, Wang is to be considered as a whole, and portions arguing against or teaching away 
from the claimed invention must be considered. See Bausch & Lomb, Inc. v. Barnes- 
Hined/Hydrocurve, Inc. 230 USPQ 46 (Fed. Cir. 1986). It is improper to take portions of a 
disclosure out of their proper contect. See Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, 
Inc., supra. 

The rejection of Claims 19-25, 28-31, 34-36 and 39 rejected under 35 U.S.C. § 102(e) as 
being anticipated by over U.S. Patent 5,804,518 to Sakatani, et al. (referred to herein as 
"Sakatani") has been overcome by the above amendment to claim 19 to include recitations from 
prior claim 32. Claim 32 was not rejected over Sakatani. 

The Examiner is respectfully requested to enter this Amendment After Final, in that it 
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raises no new issues, but merely places the claims in a form more clearly patentable over the 
references of record. In the alternative, the Examiner is respectfully requested to enter this 
Amendment After Final in that it reduces the issues for appeal. 



The Director is hereby authorized to charge any fees, or credit any overpayment, 
associated with this communication, including any extension fees, to CBLH Deposit Account 
No. 22-0185. 



Date: 



Respeetfull}^ subimtted. 




Registration No.: 24,852 
CONNOLLY BOVE LODGE & HUTZ LLP 
1990 M Street, N.W., Suite 800 
Washington, DC 20036-3425 
(202)331-7111 
(202) 293-6229 (Fax) 
Attorneys for Applicant 
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rial In tb« same laboratory woro consldorod on (to. 
n^sasuramAnt.s on on« mat<irial in one laboratory but 
by several nMSthods wore consl dared independent. 

Xloblnaon, Poslc. and Fuarstonau (108> tiave nhiown 
tliai. lisat tBsatmont of Byntbo«i<! «it-A.l»0, dooreaaos tba 
ZS;X>S to a -value near pXX 6.7. Subsequent oig^ns for 7 
dayo \uider. water led to -values near O.2. XXolmea (S6> 
found «vn Intermodlato -value of tor an in definite wator- 

- aoiniz tii-ne <^ 1 day> ; Kancs, bis -value was reiocted as 
foiling to reprasont any eqcuilibriuTn state of tbe solid. 
I'bo observaiioivB on na-LUTal mlfxerals by Sobuylenboi-tfK 
and Ganger <X11, 112^ ba-vo not been reproduoed by any 
otber ffroupf Ixence aro questioned but not Tojected, bo- 
oauae tbelr metHod is -v^alld Cl> and I DSPS 's for n^ony of 
tboLr aynthetio xnatoriabs osree witb oboervations by 
otbers. 

I TStPG dstsrxninatdon s oli amorpboua materl ols ore 
oeoeptsd only witb reeer^ratlon owing lo -Lbs unoertaiiity 
' of struo-turo and to tba vei-y bi«b probability of anion 

- coproolpitation CI 34> . "Wlien first precipitated, cold 

' oxnorpbous oluminuin Hyd^^^de is probably hydrow* ' 
-v^-AlOOX-X. On aslne cold, transition firojoa t^^AJOOH 

■ to o-A-IOOK and to er-AlCOX-X)* occurs. ' On asins bot 
' lOO"), 'y-.&JOOXr oryvtal* bt^^ow *and loss adsorbed 

-w<atar. "Xliua ajnaorptious xziatarlale ,«bre pro bab ly n-iist- 
i,:ures of bydroue -r- and'<^.^OOX^ Oxid <3^-Al<OX^a <1^&4;). ■ 
I'be a^eras« IHJrS's* (oluster a-varoeea^ for each o»do 
)_an.d bydrovlde of aluaneinoin are sujanmartsed *n Tabla I: 
. ' 39\airtb«ar disoxiaaioji. of tbo^ TxxoLiterlalB will appear uxxder. 
. **Hydi*atio»" and "JSJffeota of Xmpurltioe" b^ow. 
* ' • ■ 3. ^«MM-«s ,amd Sildoa -C7«Z« . . 

XEaPS ci^-aonjB for B£Om ara IJs^ted* In i:^bls IV. - 

■ olu.dlns cl-ta-cions statins -tbat tbe ISX^S is Icss-tban "X." 
pll, natural qxxorta boo'aa aver see XEFS of pl-l 2.2 and 
eels oxxd sols on arveroea of pH 1.8. OTbe dlCTerenoe is 
probably n.ot oAenifloasit, banoe on. XS'PS Less tban or 
equal to pXI 2.0 cfe 0.2 sbould be aosumed. 

as. ■VA^RXjk.AXiXBa avmoonzfo toohujotoio youro- 

J, Gri^m* EjEfaxita of Ca.ttor\.<c CHairffm 
Sroad probable I1G!X*6 ransea obaraotaristio of -tbe 
cation o^cidation state n^ay be seleeted from T'able X as 
sliown in Cbajrt I. 
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EX vmu>3U D * 



So* Ta.tilA 11 



axa:jo>, xx£pa bar rcL*p. 

/■ auit. — U.03 Jtf^ 



Ik>C»««s«xi And Pmeb 



o-VtoOOIX 



S.3. e.7, 8.0 ^ 
• .T ^ o.a > 
s.s ^ 



S>p1. OrOlp 't- NaOIS (U( dosor. TICI>S fay 
mop. If 10% ttacttOM rTaO»: w. ZXCPSt 
— O.^iO; w, a <A XZM3. roam -tvnap.). 
XXSPS •(> O. BO : w, a (tioonx) > roo m 
Mini*.). IT^fM — 7.1a. 1/ •toi«lU«>. 
T7u<>H: w. inVB — O.QS: w, a. t* nao. « 
room tvmp.). — O.OO; w. n (t*mx>> 

=»- room t*uxk.>. 11SI»S — T.ie. 1* 
109&doaol«xi£T^«OXZ: w, ISIPCI — 7.10; 
w, • xno- K« room -tonax*.)* IS^S ~ 
7.391 w, «. (t4nBp. > roooa.1«xnp J. UBl^S 
« 7.«0 

uru pp« CoOla I^nOIX, lay map. lu 

^^•4.. V p. 01 Jl^ . 

Slu« ppt rrom 'Cu<STCW>a -+- UmOH CO"> 
id«n.tnA*<& by aolor ou^, w <D* ). a CO^ > 

, <o-> . 

XSTI>8r,by nop. (r^in 



IroD 

■uz^,--¥XEPB by ' * • ■ 

dry srouxid Ostxly. TEPQ bry_zxMp. 
Syntb. by r*duatian z * 
COm ISPS 'by m«p 



jL«ural PVaOa in CO— 
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1. E^COIX). 

a. ikiaCOEi;^ 

1. Bdn(Oa% 



1. MIO 

a. iTKOxrh 



1. 3PU.O. 



<«,B c±. O.B) 
13.-4 cda O.B 

< — a 3) 
C — ia> 

CV.03 

T.s o.a 

10.3 =d3.0.« 
XI. 1. sdbt O.-A 



7b<OZX]a -t- tr X>loOO. ■ 3Pb<Oia X. (3t>, 
a*.<r* ZPO — il.O cli 0.3, XE:I>B toy zaos>. 
VLEX. i>r>t ]m><3SrOa>* -+- X-I-aOXZ, J EPS t.y M«.t,0 



C(>.> w, a, X1SP6 by «p 
txu. x>p-t MbOI. H- xa-*.0». IS:i>S toy ixu>x>. 

In » eon. •CO.OX JK" 
tu^ toy wo 

«.« » •<O.OX AT 

etml^. iff. ]VXCL<XTO.% In a.lx. o (S2qO.\ w. 

-t««ra.K. MiiO. C«>. toy axi£'b 

ppt'inCNO,)* -H ISTaOII. w, X, ZXEPS toy 
1» >^ Mti. — O.OX JUT 



1 »n4 7mb1^ 




1. SelO Chydn 



- ml k'Om ■ f 



> -X-nbla TV 



TO", Ic. <000— llOO"), Xmi*S by 

X>t>-»> <uc&lae«a /rona nltea-tiB, CSO tor. 

' -OOO* t^Mza, 70 Ixr. 000**>, OOs 

f jcju, XBIPa by moj». In. ^ to.^o. 



A> TO—" Af itCl 
^ — XO-> tSLCi. 



-+- >Jt»OI3C. USPS toy 



xm< irp-b SxiOla -+- I^a.03a, TETPS by znwp. 
8nO> •yntli. S^O> + enCmsl 
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en Ob 
8nO» 



(130*3. XSX'S 



IISPS "by ni> 

. an. low 

7Ca9g Sn, bitch Fo, "aoluliila biuMi" nraaoZLti 
70^^ Bn, low F>o 

un, i>j>i. UdOI« -f- NaOB, l:BPS by ra*i>. in 
ant. M O.OX Jlf 

IbtMxxrokJ rucUw > 
Synt^ltallo i-utile, ■ma.t^oe J 



1. XJOm-V,0, 



of CT- or aOi*' 
■«»<locivtQ.t«ly rw 



Bouxix>loa Rynlh. thi«r-rrva.l docomp. unxno- 
zU-uin cUuraxutt* -+- Ha— H,0(b) mljrt.. n.t 
-toxnx>. ixLdlc.i uround, xv. IKPB by ap. 
iB- COCO*}, cool In S tuF., oacysvn tx> uwfcnl^m 
mol* ra-tlo CQ/XJ> — fi.OO. oi^a-. ouljio by K 
la. eoOO*>, watwr cxuvnobad, O/XT — a.OO 
1«. CeOO-1, O/XJ — a.08. oublo by X 
in. <000->, O/TJ — 3.S9, lnboixxoii*n*»u» 
In ckir 1.0 TJ>0* vbon In EXt-UiO 0/X7 
— 

"XWo ncVTOLuloB of nBttuTKl Unnlialtw. O/U 
■"-'S.ff^ ;around., Wt ib, by ap (•a* aSaa 

Syzvtli. n, ISPS by sp 
fttfluxn 

VUD, i»p« ir<1^0.>. + XT«0^, XEIX>S by xniop. 

ppt ZnCrU -+- Mo. OH tt* lOO*. rafiuoccd wi-Lh 
SaO lO dayn. w, -Lx SlOa zn»]or \m- 

pmlt.yy Xro^PS by 

Oxid^iMd xtno xnwtAl, IZCPS by d rift 

tan. x>p«. ZnCIi -4- IvTikOH., XEIPS by nMp. 
ZlTcomlnzn 

■wn. iP»* ZirOCXT0.3« X7aOE^ w. d <1,00»>, 

""j bAts-uroJ mlnM-s}/ XS£^S by 
«n, pp* ZrCNOa>* -H IV •OS. XSIPB toy 
zn«p. in sat,, m — ■ 0-03 JVf 
^ 3 a.t MrbSoh *d«oxprtlon of IzuUffarimti posI-Uv^ 
— for pMdod Indlowtecl (.it known) ; o, aiunpl* olaMnwl by 

__ of nonadmizjo^K^tia of AO<Laul;*.ttl<MX of ~ 

>ed by disly^d*; drlfti, XSFS iml 1 1 1 hHwiI (hs pSE 
predvina-tod «.« initial p£t of «a« <Saa.>,- 
. , - n. •3E»*r» ld»n. »^ff ■fcUm of •did mlsvtns. 
mloroal ootiiopbo r— ! ■ (1. S3a>; pprti, mnpla pinpaz>ad by praolxxl't&'tlon 
- - «ro •!! mliig po4«n-tiM or orurr«n-fc; mib, XEIPS MUxnai'ted «« pB of nuti_ 
» IE;i»S «aUn)Kt«d: m pEI wlxlcb »d»OT-pt>oi» of BE-*- i* *4U*1 «o -tb*.t of 0£t— 

•fto'tal BKlt aoncentrntion durins -^^^^S uMMturiBBaan-t ; w, nnmplr " * ' 

— ^- - 3C Kampla IdmtifiBd by X' j..— - .. 

Kta. or rtiporta of ai — 
I reported »re «ii ~ 



Pra.'vdlo and EotEQan 




rraii-A 



Ponelr* tvnd Ottorwlll 
■I><IwC-t»oxt »n<l Pu((h 
rt»y aind da Si-uyn 

Baro^yfiAXA. «a»d. Pr^icyAalCA 
aoXntMBB 

MM-tAmon. Mud Pv«^ 



xox 



la oorroanl^r^'fcBd SCI or afcb«» ■olt.I 
»]^a drtod :^100* or m lndloa,«»d. 
~ ' * MOD drif k fkoim «b>-t a.*) wbiob i% 
-•CS3&3; Ik... 




ioES«r"^ 
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lECJll, IHlTa Ijy m» in ** — 10-* JM" XCCl _ _ . 

1». COOO-1*00»>, CSX d«or> 

w, XSr£>S k>3r BP, ^ £ lO— * AT KCl 

T.T la. <i-aoo»>, * tK«0, 7 «a«y»>. „ . 

a Sam« bMio mA-tax-lAl m a Yopua »mi ITixxraWMlmvi 

>c. o, w, » CT daara). ISPS lay U, — XO-»— ao— * AT :K01 
jc, o, -w. >■ C"?" d<»y»>. MEI*e toy » — 10-«-10* Af KCl 

n. o, w. a. (7 <t«on>i>, Wt^a t>y m*p.. ^ — 10-» AT SlOl. lOSIO.. a.sMS 

al**^d, a. d^yX X, XEDPS by map. 

"Oliroxnatoarikiphio AJaOa uaad m raaai-»^d" 
XBIPS toy axla. H*. OBT- 

XIEPS toy drift; 

Byn«toaiH« a«.ppl>txo, O, w, d <130*). toy ao 

I4'«.«uza1 Odo-undum, o, -w, d <120*) 
XXCPS by Dup. 

o . »*9S. eio* iai»s toy ap _ ^ :^ ^ 

TTtniiT r-nalriTi uppbln* <TJnda Air Prodwota Co.), o, — . Modi and l»\.ea 

ISPe by as> 



O.l 

a.O-O.i 




Sahuylaaborsb and B&p«aT 

IT, di. d, UCPS by caaip. 

T .a^.o ayntb. AaC033>., iff. <3OO-^0O-5. Jt, w, dl, a. <9>a d^a, o.l AT JCo-'mUiii. B-lo^a.. atid B^ixnilco^ 

XCOl). TISX>S toy ap In M — O.OOX A*" KOI ^ — . , 

(3 o> -»-JkJ..O« jxT«p*r»d toy tbarmal ti«a.tm-ia* fcxid »cinc of t.he by- ITrlolto and ICaofar 

d-ralyata j)Toauo«> ot Al e«byla.«a, IBIPS by m«p. 

7 T Qyn^U. .A.J<0:S1. t0. <aOO-J, dI,-«. <»-a day a Sn O-l AritClX"**. Koa'TOlna.. 

XSa>e by ■!> tn — O.O OX Af KOI. x ^ 

XSra,t.xira.l bMU[±«*,' ». dl. d, ZBIFS toy »nap. S^wyteaborBb -.n^d aonffa^r 

• .G Co,'>, V.O <<n> a^rn-tb- from Np^AJO. -wid o. — iOOei> -I- 00» 

» , A • • eyD^»ll■titt to^M^bunl-oa, p>r«p«u>ad by Utarmal traa,t.TMi»t mrad 

o< tJhA tsyd.ro lytri* jn-odvicrt of purlSad Al «tliyI«.Mi, 



X(r«.«uk:aJ dlaapora. jc. dl. d. TEIPB by n»p. eo>«»yl«mfeoTKb »nd B&naett' 112 

. eyxi^ldMkUo dlMrpOx«, di, d, IBFS fay xna^l. ^ BoH«yl«!nbOr«>j ,1X1 

7.6 . ayn.«li. 4»t; yo- Ixxun jUCU -4- NS^3B[, p»oduot — AJOOH tr . ( . 

•>>AJ<OSX 

of-ASCOHUa COitobalta. Kydim*«mit«> ■ - • 

a 8-S.O tayx^t^. — AKOg>> C0.3 > and i ^a^a jg. C ZOO* ) < tt.O?. di. a. < p. 2 d»ya :Koa'=dn», »al«-«™., ~n*4 S«»»U«J^ «» ' 

B.O. (t.a Iffa.*iira3 aibbalte ttwo aa^nplaa), dl. d. I1CP>S toy =a». Boli»ylantoor^ Mnd B»ne«r J^a 

-r^AlCOSO. <9«yaTlM> 

e.S Ete O.a .v-J*J<OH>,, ayntb. toy bydr«lyala «rf prurlflad AJCOOJa->,. jc. TCorpi and TTolmnw W 

JCKI^S by suop. lit I 

Syn^l^wUo mi.«Arlala. w, dl, d, IHIPa-by mex*. S^nylwiboiwU xxx \ 

7. a Bynl^. fifOxn JUOla -t- X7SC^aC»q} a« 70* | 

0.4 Syntb. fraz9 Isra.AJO>C*-4) -I- CX>Ko) - r 

0,a .t-^AJCOS>* aomtb. to y hy drolyaia oM purlflad AJCOOi^SU)* o» »««ac« 

lA-Md oompounda, 
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immalxm of K.bbra'vi&ttona mt 



In buO-^rn ISPa vlitfla foUowa: alT-QOCoU <0.00>, bormto (0.78>. 
•MMfCMtw ca.se>, i>hoari>liJtt« <«.00>, alCMl« <3,«>. J3utfar oon- 

fip« jUCU -t- I^^OieC M <lMoIba<l. IISFS by m«E>.. ISPS sI-vml 

Iwt pB.TwitJbw»w>. 1/ lO^ eacoen X^a.OB; w (fi.OS), a, <« mo. 
room «amx>.> CS-^O}! ^ <Mmtip. > room lAmp.) CO-7D>; U 
vtolobio. fTaO:El. w C0.03>, a. <« mo., room to»p.> <7XM»>: a 
<temx>. > room temx>.} <7.3A>; i« 109b d«£ai«n« 2^mO:BC, w 
<r.3&>. «.<-« mo., room t>om2>.> <7.33); a. Cl^Ao^. > room tonm.) 

TTna-cc*^ pft»duo* of tvy <dr o 1 jtvId of -worsr pure nJumlnum «rt.hyl»-t«. 
IBiPS fa;K maip. 

from AJOl. or .AJ_CSO^>a wl^ I4aOEI acljua^ad Ct> fijc CLn«J pH. 
TELFB by m«p. witbouv waah&oa Caoo 'to3ct> 
In aoUd, moJo ratio 01/.AJsO* so. 0.003 
In aolKS, mola ratio BO./AJsOa eo. 0.07« 
tzLntMB. T*.l3la X. 



Vrlolca and l^oonltarrt"* 



**^aluial _-S^aO* CKamatlLa} 



7. 0.7 



«. 8,7 cki 0..3. 
b. «.0« «ta COS 

«. o.f>a Efal o.os 
a, 77 

a.7 ^ t)<a 



s.o 
s.o 

X .9 

a. 3 



(S3a.> 



ISPS by ap 
IJUPB by U 
o, wj a, X^X*S by 

i3pe<n>l<u- luiixu.lXta ( Ij.ti ra^tlor j.* 

WM«. w, a. IKPS by c 

«.«, 0,7 

%f ixMorvX aalaoVwd, sround, w, lEHPS by mep. 

Sam^ «a-'mpl* da«a'-£b«d undvr 3,*^- ^ a, ZSPB by ap, m » 

ZtAlxMr»1 Oj w. a <iaO*>, ISTPS ast. from op da.ta 
Minwratl d, w. ■d'CXTO'X XSVS by map. 
>Aic(aaraJ »c,'o, -w, -tfi, d, XXCPS by map. 

Syn-UaWLio o-OP^Om. 
AJI lua.'tarlala •ymtb . by TOO* lKydTOly«i« »4^Tia tmdor 
xidl-ttonB of S'e<270*>( j»oJ-uitAor>. w, a, ^> XSCPEt by tl 
- ■ ' I 

I effoot C3Sa> 



M ^ X..O ikfr A aeliu 

XTkOIO.. ITa,jaO« 30- 
O.OOS AT fTa^T^O*, ISPS by nu 
M — ..0.0031-O.X0 Af 7C170*, 30- 
M ^ O.OX AT XCX'40«» ail* 

M — l.o Aracico-. ai- 

>i — o.ox— o.xo.jyr bb- 

SaJcaor umI Adoaoson raagap-t oratfa' FaoOa Caynt^ by loui^lon 

of ]9VsCeO«>. tn. ail or Oa>, w, a., jc 
rE3Pe by tit a.« 31 «. :£ 0.1 AT Kxa-o* 
XSpB by xx>«x>. 

ataa-tHna ma.tariala ayaOl. XPa3>rSUC SO. % -I- ITB^EU w <S9& 
X'<TXX«J>70.>, w, EBPS by nrxip. 

^«,^« »e. CS0O-, a iir.> 

83m«b« w, dif d X3CP8.by ixjctp. 

Pa^Oa Bol ayntJ^. XTaQU -|- XTXEwOB. w, a (a.O. 10O— lOO* a.« 



laU. Ooolca, < 



xid 3tt\> ^ a p a p 



"Xoalatra *md Eruy« 



0.7 =±i 0.3 



Ba^Tn^b. by ppi PaOOXX. Ik* 



t V^Om. 31 C«r. -y-FoOOS), w. IwfxaaJO. Coolca. and Kim 
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I'x^ue III CCrc-iKmMXtJ 

-t- WtuXJK In a AT NfcOlO-. IMPS by map. „ ^ , . ^ . - -«■„.- 

oonoonl.m:t)>Ti*, Mkd riii«v«. UlstorlM Imbdiaa to nioro 
IJCfS. dl. a, XlCl'U toy zxi*i». An«Iy>*> ftud T^TA. 

«.o-o.a d «10»3 

'«.3-a.a <l<JOii*> 

a. T.«^0.3 Ni.vvii-»l t-pldooro«di«, T» <FI,0->. w CIZ.O> .w*!.- 13EPS Iw**«Jcl, CooK.. Klro 

3. e«jnpla« oyxitlk. tn «v 

uxidor "=-yoOOH 
mora a«ld IJXPS 
7.S QcLAplM xu>« driUnd boXoro Mtudy 

e.O d <00-> 

8.a-0.7 d <103-> 

Ky^trou* or 7cKirly dk»r)Lct*ns<Ml 3Po*0« a™* "AjiuurplMiua HydroaddO*' * 



SolMiylontMizs. A^ow. and Kale 



a. s . O by iiytlioly-la F'-OU, di <6 daya. 00*>, «»d Xyr«a *T 
Z£;pa V>y mop. wlffacru-t. ^*.^bince taacli} 

7, a saoiv T*t*o ci/r>a^o^ tn 4»oUd 1* o.oos 

T O • Mow SO*/]ff-^ U» -olid *• O.Ol* TO 
*' - ^ti^J^^*^^. To.bJf^lJ^-'b^-vlatloB.-. . P-**©^ o.oa^»'-0 0-m»S^ eio.. -™o rt«v*«1*a u».d «>y Kirpt <»©5- Wo-n^ 
ii-!i4.^n^ ca5o->. » 90.ca9& Jr*. iq.o%, n.o. o.D3$& ti»oi. 

. lEnE>S>- pZ^il.|t ■ srouiw <6e, SO, 80. lOS, XIO— Xia> liAVvB iTid«- 

,>S^» . e.« x^^a -lO,* Mjaplw i^MtoTy and a«ree in their oono],u«ioxxB tlaal; ^rant- 

*4o; . o lEtP Q -C.7.0 xdont lUiuslar tcr l«a.cl *o fexiiac oic surface disOiydM-fclon. r-e- 

5«^Qm MQ* ' XJES-B ^ O-u - miltB Itt a. xxioaro a.oia XTZPB iOmei. is ofc»erved fox m«,*cr)rljalo 

Tlie T-thTitt^ Lttoliiao 'oKidoa, IjydroiM oxldu, oatylia^ 'lilcelai' t:o t>o liydMtod.. Tlx* dft-tn. «rom -Tnl^lo I -wiMob. 

droxldM liydroxidoa, ».x>d aupazAolttllsr b^^dx-mtMi or :rtM>^ ol»m.riy Sxi7vaV<r« Tn&t>«rials of diiTrarixis bydi^^tlon 

l»ndroxa»'o3cl<S«a. THo fwm "liycXxovi»" will t>« u«ed io » st«,tn »t« m\X Tnm m. T lMto*i iii Ta,tsl« VTC. ^ ^ . 

e«XL«rio *ezxMt to Include ^».^^^^ or «11 of theea znat«riaUi TJm avotmsw IIj:T»e inoroMo &ecomE»An7ins »>ydratJon 

Sxoor>t "»nl»y<iro««" o=dd«»- *or matorlala liotwi in T«.bXo U *.T>ou* *wo 

Several fcMstor* help to e(XZ>laJuci th» broad xKuse Of «3cai*». TliiB conolu^on Is In ax>pax-eCL« oonfiiot with tn* 

A^on^E tK»© are difforwioca In rwulta of ICoJB'min*. Belova, a-nd Saniiilcov <«3>. How- 



lU^draUon purity, and option radiu.. Tlae rol« of ewer, tlicslr aamplea were B«ed for oevoraldaT^a *n O.l JW^ I 

•aol^ of tixcmt> f aotorB in flxln« tli« ZE:I>3 will to disoiuwed KOI, and tlie more «.cld IH:T"S olsaerved with inoroaaixis ? 

in tho paraoraplM to follow and an «qiua.tion. will toe do- liydration probalaly reileotfl inoreaeiixe xeplacexnent of L 

veloped rcsJatins tlie IKPS to tlio oharse to radius ratio OS— toy Ol— a« wall. Tlio wffeotB of Inapuritiee on 

of the oAtlon In tlx* pure soUd. rEI»S will be disousaed in ttxe nesct oaotion. 
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1 .3 



T«OIB1.WO-J-MTO Poztr-rs e>w SiOa* 

I3i-Ml11a.n t^rxwlAl, srouna. «) CZ^Ol in Clojclxlat AxCraotor). -w Cf* lir- TTbO Obs 

OryalAtfl from »ikr«Jin(v Mill*. T>7. ZwS.. grvund o, w, a., XI£X>a by mois. 
X^Oil>un*a (W>WAIt> CMun«.>, u. w, ^ II£J>C3 by mop. 

Qu^iv fKiin a bcuoh und <aJl, EC. B<irRant Co.). o, w, »t IIEPBbir»I>, 

XHIPa — a. a atfver u»jpLa &ctna e^V tM« iiH C^a <lAorw} 
AJl ramvlM Ur«.Mlllfcn cT^ralaJ, arrovjiid In a f umkI quu-M diMlc sriodwr 

4Lf^«r o CHOI), w 

IHPH bs^ sp In IZCl only 
IlSPa by >p In 10— A*" N-a.01 
USPS by t:! 

QuorU* e>»>">^> o. w, d C130->, by xniBp. 

Sr*jriU*.n aryntait ts^vanA, o, w, II^IPS by op 

SiO* Sol* nnd 0«la 

pZX of znlnlmum aslatliton -ra^xm 

8ol» ■ynt'h. I^aMSiO*> eH*0 -I- SlOl for pneaJo. pB <30*> 

IXD^S t>y UiQm.xS.em at viMaoaiiy nilnlm». "Vouncwr X^P8 aloa* to 

IpH 3, old or oloaor t,o pH 1 
i.9e. StO. woi«, dl, XIEPB by mwp. 
pB »f orxinimuKa i^lA-tiiia i^-t* 
p£C of mtnizavuxi ^olallnn rm.\ict 
X*"F1 of mln ljm.n m ■relation ra.ta 
ISPS by oo 
I, 1^^blA T, for &bbr«>vla.tton«. 



^^^S^^ Coo lio. 



Ban (in<: 



r TtO«- 



4. S 



e.Q fits o.s 



ISTmwbJL XIO. <ItutUa> 
Soimpto from 0>r around, k (tr SVaaOaJ^ IZ£PS by m*p. 
a CZTjaOu laOl^, w. IKPB'by ^ 
o (BOI), w, d C1.30-}i X2£Pa by Txxap. 
o, w, <1 <13D*>, ISPfi by «p 

GyatJbstlo T\0» 

Blst^ purity «3mt2Mtio rolUo C'X^'^tAon&l X^e^ Oo.> « C^Ol-in SojdUo^ «3c«r»ota<r>, 

-V <8 br,! H.O 1» Bo3CtiIv«>. a tSsO), 1]KPS by Mp In a> ^ lO — ■ AT VTa.Ol 
A.'V«rib0ia otan M - y d by -two opwrMtora .f<fii> bovubJ —jn ploa LnoUidiD^ i-*«.a«zi't orodA 

'710a C»Ji*t»w>, "XlOa Cbydroua rutllo), x. w. a, TBPS by xn*a. 
S«^pl«» wyx^-cb- KydroTyalw TlGl* at-t IQO' bydrou. 
Ji>» d««oxlbod 

a. Is- ClOOO* In »lr« 3 "brO 

Wyntb.. TiOX. -t> iSI*OJ^ TJErS by xxk^. 
TTttble for nbbrar^lAitton*. . 

(' XaoJcIxis dijrao't oluwrabO'terLsBiidoD of i-blxQ a\A.rto^oo of 
■osdde ma.tm'lAla v»aKxi for ZSPS wokJc* l-t> lacvA boem r>»nf>» 

bl«t,ory . 

On eocpofture «o 'wa-ter an a.ilbsr'dTOua oxide con beooxnQ 
"Hydx-iLl]«d" in sewrnl (1) plkysical adsorption 

of -wtt'ter xnolooule0 inoTudins liydro^fscn tjoiiding; to atui>- 
factt oxyaaa ions b'U't no-t dinooiation ; (2) ohwmi- 
i»oiTptioxi of •wn.twr -whiah disBOoiaftes, reoultdxi^ In tttu-faoe 
— ^<COB coupai BJTLd C3> x'OAAtlozx x^ttult^lsts ^ oon- 
'v^oowion 'to an' o3C7-liydz-cnc£d« ox- Ittydroxddo, tf.^. , oO 
^eCOXX>* (J.02>. Alan^r aixIisrdz-ouB ojcLdso do not 



TIO. 



2kf a.'ttvon *nd Pusb 



0.3 



P«wOa <bydroua} 
Al>0« (bydzoua} 
XSOb Clkydrous) 



hjrrir».-to oormplertAly -to pi-oduc« tl»« lordrosdd*. In 
oomo on^ea "tlxo liydroxlde i* 1;JtxeiTxxvodyziAxnioally un— 
atA.1:>1e LH^COTO: Cu<OXf>>], and in o1>liex» liHa hydra-bod 
conipound i« a-tablo \>xtt -th.^ i-sa.o«Ioz» jratv is -wry alow 
(B^e^O* — IB'oOOK (lirj, AJ.O«— ^ a^-AliOlHy, Cl^>. oto,)- 
S-tTOExe igrnl-Uon i-0€duio«a -the b^dration T-atM by ohexnl- 
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Borpiion for, m^.. SiO» <!.*>. »rwi by «o1;al ro&otlon fox^ 

^ilvtiUT-'bttcl ]nar<»r -wrltll l«.cr»«Lood. «oluibiUtar, «.fif., S10» 
(132), InoroojBOcl »uffa.ao KydrB-Xiort , w.^^., AJ«Oa C««>. 

If oxide fki'ocir'i-fcfctoo fojrm by Dro(K«-««tti-va by<i»oly^l». 
polyznerlK&Xion. mcolaUort <104, 120) , it. ooja bo 

oootod thftt tlicty wowld rot.»in M. •viporficlA.l Itkyor of ttioro 
hydrous EAa.»orlol -wbloh would bo lOvH only on. dryi»c 
OAd UrniXdon.. Wbilw iti ia w«U oa^AbUshod tbat; -wory 
bish -tcmpttTAt-iw-oo m« zie«dod to roi«ov« -tKo last M.03-I 
^ouxrn from silica, eele And Cba-t j^eralstoxi-t MOM erouj^s 
axo T»reia<mt in otHez- oxlda* <lSO), dlx-cot ovlderLOO of 
p«r»iatoiit Hyda^ua fllnia Iffl UioklTiic in moot oa^m; bow- 
ovoT. tboxo im At loA«rt sodcla ofrrtdonco for tbo jurocKaziaB of 
bydrouB fWwiB on I^o.O. (SO, BT^ AAd ZxO. C2X> x>roi>AT^ 
by liydrolyBi*. iPoi" IF'tt^Oa. tbo BO lid was idoxxljlfied ab 
bexDAtllM by aC-iAy diffrAotloTi., yet- 131* A. And InfrAxod 
ttbooi-ption aocp«run«uts yioldfid o^frldBz&ce for ti-ccoa of 
FoOOU (SO). 

33«tiAi1ed study of OATmplo i>ropArAtion for tHo AJ(Iir) 
azixlFe(IIX) rrtAterlolB fo* wbioJ\ lEf S dAtA a*^ BummA- 
rUed in XAbls I xnAkear i>oBaiblA aB-werol (EOxzax-AUaA-tiozi*. 

All of tbw osddoo And byd«-ouB oxides of Alu minum 
■k.i>i>Arsntly Blowly bydxAto (in a wAttAi- of dA^^ to tbo 
WXtBXit thAt At iBAOt A film of ITVAtorLAl witb tbA piroportltiiA 

of Al(03TJo TABultB, AjQftorpKouB A^COK), bAO tbo SAnnw 
obATAotexlBtios A» tbo ory^tAllinA modlfloAtloTiA. ■ The 
1E:JC*0 obAi-ACteristio of et-AliOa At oqunibriuxn -otrltb WAtAr 
ia pr-obAbly About O.a, All othnr -voluva jpxoBAiitly 

«i,.v-oilAb]o -for tbis mAt0ri»L wnrnm to r^presoAt «xvotaatAblo 
or imiTOEB otAtoB. 

. IffnitOKd AfuA nAtu*Al" POaOa AamploB •.x>r>«»a.r to bydrAt* 
tfuioUy to tbo «octAr»t'tl»»,t tbclr surfACCA bAvo tbA prajy- 
*rti«a of Dt-B-oOOH. Tbo xnortf 1>as1o I^EX^B of T—iF-oOOMl- 
<tAi3. probAbly bo •ttributod to tbA'oSoct of tb- Icmm «tAble 
Btruo-«ura.- • cw-TFoaO* byctrA«AS n.o fiirtbor Id, xoASonA^W 
tlnutt. 'ar-J?'«aO« jirepAVAd. -by bydvoly«i» And not «ab- 
B^OUAntl^ dried At >>*g^ toTTXPMTAturo bA« tb* lEPS of 
bydxou«--oy Bm«*ij>b,oiiB- iro,0. And ArvpAartttLtly -TOtAliiB a 
flOAtJxif or -Wlm of bydxous -mAtoriAl prodlotad lAbovok 
7oaO. wltb-rttrS n«Ar^ pH O ^pp«iD*ly wemAlnA by- 
- d^ted tto -A loBBor «xt0rtt tbAtt OFoOOH, pvrbAipka 4»n3y • 
pbyaidAl^ Adsorblnts wator. 

Tbo obAdccv XKJPS AoooxnpAnyins o bAn gqa in by dxA- 
"tion bAB booXL int«rp)rot«(d."dn toanoaa of tbo detpondenoe of 
tbo Hold vtren^tb of surf Aoe MOBC jjroviiDo oxi tbo O*— / 
OH — z-Atlo by O'Connor, JTobAnsexL. And BuobAuAn (80> 
ftT^rf by Roblxisoxi. ^Aftlc, Aiad B\aoToti«ii»u (lOS;) . SimilAr 
A^sumAnts b»vo boon used to ijxtArprwt tbo stran^tbA of 
tbo oxynoidB, 3VIO«(OH>» <T^, SO>. tbo lAtter oabo 

An InorOABe in tbo vaI^, rr»/-»f>> i* sAid to rosult in An 
oSaotivA IncreABO in Z/r. tbo ratio of oAtionio obAreco to 
rodluB, And ooziBOt^uently in acid atrexifirtb. 
aoAd atrart«tb (or d«croA««d nCP-B^ oould «<iiiAlly -vrell bo 
«:jcp]Ained in totrms of tbo inoreAoad olootrootAtio 



bond «trAt»Btb wbl«b muBt AooompAny An LncroAB* in 
m/n (SO). 7bo ori«inAl a^r^olos obould bo oomtultod for 
dotailA. 

Pux-pooeful irxvoaUffAtionw of tbo ofToots of Impuritloo 
ou tbo IEa>S ATO fow. BooauBO many ay atoms in TwbloK 
tbo XlBiFQ \m studied provide amplo opportunity for 
oontamlnAtion by n^±»onpit,ion or roAotlon, tbo oubioot is 
duito impOTtAnt. AbrAmson, Moyor. awd Oorin (1> 
pointod out tbat tbo "roal" XE1>S oould bo moaaurod 
only in tbo abao^noo of all iono other tban hydroaon, 
bydi^xyl, Ax«l tboso wbiob ato oompononta of tKo aolid. 
In. dlooussicLK tbo oriatin of obareo on orKanio oolloida 
thoy listod tbo followixiB obAriri^ procoasoa: <X> dla- 
ao elation, partioularly aoid— baoo diaaooiation of aurfaoo 
eroupa Buob ab — COOH, — SiOTT ; (S) ai>ocLfia adsorp- 
tion of ions onto otborwiao narutral aitoa <tondaiiOiaa 
towaard lon-paii- formation. bydroe«n boiidins. And 
*'apaciflo intoractloTia" aixob aa aro roaponaiblo fo«- com- 
plex formation In aoluti on -wroro mautlonad as posaiblo 
"driving forooo" for apocifio adBorption> ; (3> orl- 
eutod adsorption of polar molaculoa suob as H,0 wJtb 
Bubao<iuont adaorptlon of ions by 1 or 2 abovo; (*> 
woals: spooiflo adaoxption of ions by induood polarlAa- 
tion of tbo substrato (ImAao f oroo boiLdlUc) . 

IWCoobAniomo a—* may bo callod apeoifla adsorption, 
uaiuB tbo toTxn. in tbo eonao uaod by Orabamo (*3> to 
d Olio to any tandonoy toward li»t«rAOtion otbor tbau tbo 
simplest olootroatatlo oass. It is asaumod tbat peroblo- 
rato nitrato, and oblorido iona do not intoraot witb oxldo 
sarfAOOB in any spooAfic sonse and tb«.t tbo obArain^ 
. process obarAOtoriatlo of osddes In aqueous auoponaion 
. IS oitber aold— baso dissoolAtion or spcclflo adrorption of 
m«tal hydroxo oomplexos. Xbo offMota of otbor ione 
will bo fila-Bwifiir* aa impurity cfiEfootB. 

. Ovorbecilc (S3o> has pointed out that spoolfio adsorp- 
tion of oniono would be escpooted to produoo a noca-tivo 
surf aoe obicr«o undor oondltions otborwlso idontloal ■witli 
■t4»o IET*S* Should tbis o<=cur on an oiddo ourfaoo, tbo. 
• pHT at wbloK aero surface oharfio was obseirved w>uld b« 
lOMFATod; tbo apparwxb HEPS would be sbiftod to a 

more a old i>H booause inoroasod S-^ .adsorption would 
bo neooBBAxy to neutralise tbe anion's nosAld-ve obarso- 
A otruetuxal. anl<;kn20 iunpuTity would be expootod to 
py>oduoa an aoid obUt aa well beoAuso tbo m— Anion— IGC 
surfAoe ^roup would in most oAsea bo a stron^or Aold 
tbAn — Ik^OXX. 

Sotb Adsorl>ed And structural cAtlonio impurities 
preaont b^oro meaaruroment of the IS^FB would be sc^- 
peoted to ahlf t tbo lETPS in tbo dlreoiaon of tbo HEFS of 
tbo impurity hydreadde. EbrtonBi-ve evldonoa baa boon 
ei-von (SB) for cation adsorption on nllio A del by ion 
oaccbanee witb H"^ from — SiOBC sites. In additloxi to an 
I:B:PS shift in the direotion of tbo appropriate oxide 
sliabt nonoqulvalence of 
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«— a X xo-» 
a >e 10-* 
o X lo— ■ 

lO X !<»-• 

a X ao— • 



< — lO— 'Af), — ^ 



a X TO— • Eat. —o.'r 

10-« — 8,T 



» Ar>, c. c — a X lo- 



.Ho' 



t>e oKp0(yt«<i t;o produce A JsKlft by lAxn anoolxAniaxn . 

iliiii I ^iTi for »j»Ion*; , akovild «>hb aqxii-vw.l^jnta <if IX-*- ' 

rPbA ofTeo^s of -v-Axio-u.a atrtuotuxttl tLdaor^edl Imjpuyl- 
-tdsB ozi the I£:P8'« <^ eeVai-nl criddAe axe suixtxtruurlsed In 
O^Able Vir. Tiio -aatixiotocJ •larfto wire obiirit^irv-edL.' 



TA«^o/Qj«iyer onrk lite aocx>oo'tod -eo ' 
-towaurxl tHa,t of t;l>e *daoYba.t*. T'lx^ lOestt Ascn-ixiplA 1« tilie 

oei3ax>IiaAa}y.. -bo- -bbtt'li c>iAva<MferIatio of* Clio Aclao^bB,'t>e' In 



Prxwdio aaa.d SotxxiAzx COO) xwpox^ecl 'bba oxHy woric 
ifaA-fc KiAfl been done ozx -v^oriA-tion o/ XHitlPS witli x'eason- 
m.b>ly >mill <1«ifiimrl devle.-felons fr om trtoicliioimwtry. Ttk* 
vuxiAtioii of XS:P5 -Tvitl^ Use znole re-tlo of cracysoi* to 
urexxinxn (O/TT) Its tLbe aariea UOa~-TJsO« la shown In 
FH^ure 1. Thio data of PAnredre. and OttowiH (88> wStb 
nA-tuureX pittchblemde (In.'CermedlA.'M betnveen XTOa and 
U»0«) Jbutve beeii plotted on tbe e e - m e Secure uadnec en 
O/TJ xAtio < — 3.3> renoz-fted for- inA-terial fl*o» -the 



eanne soux-on. l^e'XEXfS elilfte eoid aje -the oaddn-tion 
flrtatlie Inoreeaes, a.a "would 'be ^^edlcCed "tlie oluuise 

in JS'/'r xntio. 'X';bo ipointA xnarlced "eaJculated" in 
I'^fCU.i.-o 2 wTO-e o'bta.in.ed* ualns Kq. 2o to bo dveveloiped 
below. ' 

Xt xnis:li.t bo eociioo'ted, CKet sSmple l:kea.l treotmcmt 'of _ 
•ozne 03cide», euob ee 'X'iCy, BxiOa^ e.nd '^n'Os. -vrould ve- ' 
suit in suptexAoijbl loew of o^cX'S^^'^i^t^f eonaequezitJy , xxbn^ 
- et'eiohioxnetxy . rFhle bWia' "been obsbarved for OT^Ob, <3-d) 
And in'tearpx^'ted es produotion'of 'X'l*0« in ttie ounAoe. 
^ -ehift of II];:ps in tlxe dJo^otion eJp>;jp<xopa-iei^ for tb.e 
'oxido-tlozx state ^TOduoedt would 'be eacpeoted quite Ap«wrt 
Yronpk dcbydx-Ation e^eota beoauee tlid a^otraae Z/v^ 
. obaneee. "Xbere \m at prasexx-b ^ery lit£]e tfvidlenbe ' 
support of tbie point. XX&wervev, a pre! 1 ml n ftly attlaiiapt 

,£^va tbe following rceulte "wblob do abow the c 
trend. 




Ajr\ n-ty-po aemioonduotor would be eacpeoted to eocbabit 
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MmX>o<> I n ' 

A moro 1:»au»lo Xli^I'B tJiAAx pi-adlo-tecl for t;Uo «\oibliloxnolx-io 
oxido owlxiB to •t*.'t>nia«fct»o*i of a<l»oxl>od H *^ by xxiobflo 

A3cp«o-t«»d -to Mthlblti a. 711.01-0 acid 3 EPS t3i*Jn prrodiotod 
owiAs r«pxO*iOT» ot J^t o«" »t»biILBtt,-Uon "of «ulsort>ocl 
OH—. ITlxooo eCTeots Ota.. ttLOi nEI*S tio-v<a «^pp«ucoiatly not 
^oan. studied to euoy tt&enlAoauit «xtarLt. 

1>lio IkydxoxiA 03cld*s f»i-o«ipitat«d frona. TuetnJ. BStIt 
«o1u,tldn axe dof»ot «tz-tiotuxaa -aontaljatne a. hlE^ eoi>- 
CATLtnLtaon of stitxotWAl dofootar aiid e3co«»* 1T»0 ■ iii' »ddi- 
' tion to 6o^»roolplt*i.tcd ioii* C12*>- Bol*uyl«iiboi-«h, 
Axez», «.n.d Sitrvcor' CHO— 3.1.»> !». et -piJMitrtiiitlrxa: wtudy ot 
aXviMlrai-m. «iTita Ir'oxi o>3cldoo nnd IxytlroacSdtw wioro A.bIo to 
nhcyw fcHo.-t mny fo^tn** Moteipls bSstbrjr leadttn« tO In- 
' a2'«A*ad' o»yw*;«V i>«rf««t.lbJa. <ol>«<3arvod by X.-rAy aim-AO- 
■ ■ itAnxt lino »»rxowElij»> S*«a'« to ct6ox>ea.a6d IKFS. ■ Aa dio^ 
«)umod zander "Efifootc of Hydjra.tioin/'' ftxitsatlttiitfon of 
J3i^O -lor O"— or OKC*- "sroviXd bw* oacpobtod- to ■•li4*t th« ' 
XE£PS to- ii,' zdoY* "bAwio pCET. ''A •oatton -vqoMMULoy abbuld 
luLvo tliB KB^A odSeot baemuMt' X^dro^feXk ions would be ■ 
atoo«Er^<3 xnAlca up tbo '-oluurK^ do£oiei£Lcty ve^ltins ^n ' 
nu iiio*M*tod «ff»<itJ-*« OTT-^/O*— rittlo.*' rSr«MPLi*aa*.bly, 
&fflxis rmulte in lo»« of «3Coea» xEualeouIa-r h:»0 MLd ocnan- 
binntion of BubvtltutdonAl H"^ wtth <0ce«ea OBC- to fovxrx 
wtadh le gub»a<iuen.tly lo»t <iaa, *>e*ultin« In 

tlM> a.cld sliift Of lEHPS obaerv^od. 

J. jL-n Elactroatatio AfodaX 
In ecxsra^xiinic t^^* X£aE>S data, to dot«Ot -eoepaoted 
trenda with o«.tlonlo «i»o and obarvv. 



boon t.alcon of iho poatulatod analoeuuis <ii»*oclatlon 
bo>ia-vioz- of auirfaco — NfOTI arroupa and diw»o>vod nioloc- 
ulcLT bydaxMcJdoa and oxyaoida, XCoaalalcofT and Jl^arlcor 
<02, TT'} found It poaaiblo to tiXiautltati-voIy aoae>ut>t. for 
the ati-on^b of oxya«ids unin^ a puroly rtlootroataUo 
modol of tho acLd dta»oo3at.!oik pronoRs. Tho Lmportu-nt 
variables aro tho fonnswl uharico of tba cation, ihe nuxrv- 
bor of nonhydroxyl oscyftftii ion» <»t»/»» or t-Uo liydra-lion 
ato.t.o>, and tbe a«oynotrf*jal arraxiaamont of tho lona C^T). 
A. Bimilai: but loaa ihoi ou^Wy do-volopod a-zxalyttla baaod 
on l.b.o axnpHrttarlo disvoolation modol for tlia orifc''^ of 
aurfa.oo char 4^ baa baon found useful. Equilibrium 
botwean poolti-wo and iioaavl-vo Burfacc aitoa Involving 

MO -(flur-f) -»- 2Ii+ — NIOH.*<B»*rf3 
is assujrL«d to InvoWa primarily tbo oleotrootario wOTlt 
Oalnod by tlio »pproacb of to IwIO—, Aj* a n»t 

apprOTtlniation. oa«U iou. (tba two bydroco" *oii* aro 
troatod ao a doubly poaitiva entity) la ■uMumod a politt 
obarsa aopxu-atod from tho otliora by a-voraca oxido iouio 
radii <4-OJ <tl»e radium of O*— 4a taacon aa 1.40 A-> Li> a 
II 11 oar array. T*b<» froo ^ner^Qr in-volvod la tbon <Oa, oa> 



all-' — n-T In ^ <I£<i. i> 



or, wiiico 

« - <^^-vck^'^^ - - ^^^^ 

ljci»0 _ ^ — Bi,si/it.y — JDa^' CB:«»- a> 

wbard " non^Couloniblc coiit»-H»utioe»a to tbe hy-- 

dl*oeon ion bindxnis anaroy; -A, oonatanta; if 

— ionlo aliarea jotT apaolaa ludioatad by aubaorlpt H -r 
X2.4<^ O ~ 0*~, + * cation; « — ■ ApprOpriato dialoolria 
oonatant of -water; »-T oleotronlo -oKars^; — 

lonlb radiuflr-t — ^r-o -»-• r^t-J < > — ionlo oonoentration, 
KfT aottwlty- OffiquaAloii ^ prodiota tbat tbo IEja?S ebould 
•vary linaarjy Z^/S.^ ixioraAalnK aq dacreaaae. 

Tlko 'predioeio^i. 1* X»u«Hly -verified In l/?Lfl:uro 2,, a plot of 

Sucb a slmpla alooUioatatio nu>del oa.nno1t apply ao- 
ouratoly. for- Mrvetul reoisonJa : . < W ■ Cryetal field .^aftaota 
Inoreaae tbo atabUlty of tbo OH bond <Ob>. daoraae- 
iT»s by reducing iJ** baricity of the croup. 

Thacryirtalflcad atabUiBation «n^rsy <Cl?eE> oontilbutea 
to tlxe tarm -AJT' In ]E:<i, 1. (3) T'tna oontributiona of 
ndditloual ooordinnting anions oonatLtuta a differ* i>t 
conatant torn* for oajoh coordination uumbar. <S) 
Tbo -value of -4. In Eq. 3 la different for aaob -valua of t-bo 
ratio m/r* of nonbydrxjjtyl to hydroxy 1 oxygena. Xha 
axa<ot bydration otato of aollda for wtdolx ITCTS'a are 
a.-vailal»la is uwually not known; benoe^ it ia poaaiblo 
only to oonaiderr two extremea, bydroua and aubydroua, 
ymn g tbo t«rm "liydroua" In tbe eanorio aaxxse d«ao»ltaed 
earllerr. 
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-uti rfx 



-cSs 



ho 



XX ia f ■■■Itoltt -Co A.OOOUZ1.1. for -tboso elT^t« o,nal3rtIca.l]ty, 
to-uLt tills r«aIln«irioiit .in uuw«urra.i&t.ed a.* pvo«en-b. la- 
st«a^, tjiio oonerc&nlA j4. a-h^ ^ of X£q. 2 will bo «v^utt.t.ad 
MP&x-mtieljr for oivolt coovdXitaCion nurabor and H3^<lra.t!ojj 
ooctircarEia, &rul Ihtt OirSI£ aoi^^*oetloii will be en^alua^e^.for 
o&oH -fcro. i-> oI-t-ioTi mot^l ion. tty OknoJotjy -wi-Lik o^lovtXjLtloiaB 
of aixiipl* aa«ctiro*^-tio u>.<i'OI'^13 tM*xxLs in tlio lx3rdx-a,iaon 
ertexsloa of tiheso loEuau 

Ajoolox^k TC'EiX^B -%r&ItxAa fox- -tiw hydz-oxBclas ^id,JI^drou9, 
oa^dfta -vtrilfli^ oookrdlnittion. nvu3a1»oi:r •is*: (3,^0,. Id7> tlio ' 
•nr.TJW^ of AlaOaCIasrcO and I^tf00^3^> a^'O xnoat -fcrust- 

fjoxtieo'tiou' And ax's lo&att lilcsly; Iwo ,in:volv« iioapor^wa'ft 

uoixis tliMA £wo point* ^ — 3.&.e; ^ — IX. C. 

. Xlq-uatdoxii 3 1« -K>Io-tto(l.. In 37i(rur<» 3. Tfa.« p 
a«n.tLn« <byd'> , ITeMO* Ou^^ . and WO» Oi3rcl> wlu-oh 

■also ixivolvtt no larsa CITS 12 oorxecbion fall "vary doBO to 
■fcho Una, 1 n«< £o«i.-ting 'tlut't "blia aqua'tSon is -vallcl o'var 12 
ox-d«rs of xnaoxiitude t n U"*" oonoentaratioxi. 

.As exF^oeCed. tbe TPlfS^s of lilie -tranai-tion xnmtml 
liydTCHcid«S are nOt> dascxibed t»y 2 in -tliis form. 

TljLO a>r3ra'tal;fi'sld oon'tri'bU'Cions to ■tlio fa^ydra'fcion anersie^ 
of tboBo Ions bav-e boan oaloul&tiOd CBb,a>. 
In tlio beocaapQUO ions oorraotponds 'to a ■ 
fl«ld. TJhjo field Is still woaker if tbe oa-bion ia ooordL- 



naicd wltb OH— ra-tbor tban M,0 <eb,d>, fTcnce tKs 
r^ati-vo lYvaenlt-udss of 0:e^IS aOiould bo th« saxua in 
t.b« bydrondos as in tbo boocaaquo ions. Wa will 
aesuino tbat tHa orystal flold oontaribuilon to tbo 
OH blndli-ia onori^y- In tbo bydrxxiddas and bydi'oua 
oxidoa. oto.. Is proportiouaj to cbat oaloulatod. for tbo 
bepiajEliqvio ions. .I'ba ajpprowlata anor«:iBs, soalod jfroxn 
fieruros in. JBaooIo xuid I*«aTSon COo>,' are liatad .in O^ablo 

vxir. , . ' , . . 

.Souation X may bo i-ewritten.to -talce tbo GJFBIS io-Co. 
aocount as. ' , * , 

ISPS ^ Ji. — J9C£;/A> — X:CCD>93C>, CS:<z- 2ab> 

oi- ■ , 

"jr^s .<iuantlty^ CO/X 1 .«) <C:F"S3Gi> In Ij^q. fflb rexsjr ba rop-» 
.e^a^dod . as -ao.* .dfifso^iro obangs in .Z"/ nsossaayy 'Co' 
. aoooixnO fox- tbja CFtSS^ oon.tx-ib\ttion. to .AJ^. 1*bo oozai- 
vtanfc CCr/Xl.O ^«Mi curbitxarily- avaluatad usizi^ tba 
XE:PS for >riCOXX>.. rrba resvklt, «7/Xl.a^ — 0.0020. 
was -tban usod to ooloulato ^Z/ Jft^^tt fox> tKo otbor tcransi- 
tion xnstals, in soma oaa a s m ml Hw a possiblo prodloted 
-v-alvi«a -wbore no xnscLSuremexxts are a-v-sdlable. Tbo 
results are suDuzULrised in Tablo VIU. TTbo -validits^ of 
tbia approaoJtx is axnply deimonstratsd b^r coxnpaxi»on of 
ooluxnna O and 7 tn "Xcbble Vtlll and ofucJy of FSsux-e 3. 
In FifUT« 2, plo-ttizjiff ZSZ*S asnlnst <2'/f2>.ff brinee tbe 
poixxts for- all tba bydrous transi*^ioax xnotal ox idea or 
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h;ydjroxicles exoox*^ tha.t ^or Cu<OI-Z^a onto -the lino rep- 
reaexLtiniE Sq. 

WliUA tfi* ooordtaalAon numbeo- CC:31sr> o* Ou<lI> in tKo 
hs^'dr^scitlM Yimj^ b^an. •.MUniQ^a to 1>o buC in atooord wlt.h tlia 
aCruoturo« of mwwn^l 03cyH»li<l»« <xaet>>f -tha hydroxi^a iip 
-uo«tAl>lo rola-tlvo to tlia ojcida iu whioJb OuCZX) im found 
In Bq-uATO-plcxnA:? o^cyson ooox-clJna,-tiOKi <120b>. Xho 
CITSE for CuCIZy ir> Miu&ra-pLa.neu.' ooordin&.llon nhoxild 
- ba Iaz-qcx- thM.n Ium boaxi. uaod -for o<&1ULh«clrAl coordin*^ 
t^ozx <»<0, lianoo tlio f*il-ux^ of tbim Oxk« point to oorr.olnto 
■witli C^/R^mii wxx bo ■un<i«if»'too<i. 

Wo bjKv-a ^«xi -LbAt oxide TJLT'&'n n.ro mora actdio thrvn 
tb» 001 ji'wwpondlyig *»ydroxido* or borcLrovJ* TOA-toxlnl*. " Jk. 
atraxgbt liAc^ of «1oek» 11.5 cmxi. b« fitt«d to tbA point* 
•yppreiPTi-ting oxidea wltli OW — O. Xto intoroept, A — 
aQ^, refloota -bh.e B.-v-ox-a.se IISPS <lt£rex-enca bst-wtten 
o^ddea tt^d l^dxoxidoa of obout 2 3>1^ -unit* 4^baorvod 
Tfcblo VX. , . ^ . 

■X"!!.* bydxoua iifCLd "A^K^rdrauB" xnOiterlsLla -with 'OfT ~ 
<L om.i\ bo fA±rly -PVAli x-Qrpr«een.to^ b^r 'lSJk^l lim« tlio 

valtxM 3.0.0 aj:id 3.3. 0> x-odjseoti'o'o^. 'X'bum tb«' avona^o 
■ TTT Tag flliif t .dua to bydnatiom 1« »bout H. X ilXX uxil-fta -a^ It ' 
Ca for-OI^ O. Tht* a^arAGCe difTaranoe in TiTiT^St be-: 

-twOooa' kn4t«n:l&la of CTNT — ~ O And tbooo -wil-th. tJb.o •acnna - 
Z/R but witb OtflT — £» Abou-t 2-0 pH unit». 

Se«Auae Additional Anlona ineroAMe xbo blndTng 
««»-»«y ey of H**- to tha — OH sroup, a ohmnso of f i-om 
O to 8 ebould intxroAso tbe "Xtio IXIPS'a for 

"anliydTOtua" TbO« And !PtjO» oAn be nooounted for by 
AMionlns ->1 a< 30.7. 

Tbo dAta. f<nr 0«0*, TJO», And ZrO, am bottor daaorlbod 
by 2b If — 18. 0 as Xor Hydxoua znatei^iAlA of C^N 



— O . Tnaaznuob ao tlio doaoription of thoae znatOLriala 
Indloatea that TJO> and 2iO« sHould be olassod Axnona 
*'Anbydroua" xnAtarlAla, tba aaalgnmont of a -vaIua to A 
for- tbJa an-Liro Q:roup rxiMMt roi.na.iit tantati-vo. 

• Xi\ ordor to rnako poesiblo a oon-^oiilont sx-apbloal tewt 
of t>b.« validitgr of Sq. 1 And 2 t.tkay ean ba axpraaaad In 
tKa AltarnAta forma 

ziLFG — — Ti>.o[.e/JS -t- o.oose<C3xrsji:>] c^sq. ao) 

and 

- ll.alZ/A b.D031»CCF8E:) a] 



C^TbAn^ces In ^ axdaln^r from obanooa in ox bydxAtion 

-Ai-a eKproaaod as an «£F«oti^o obAne^ Z/R In ]£q. 2d. > 
T'bo X£:F9'a ara plo^ttad K^Z/R^^* in Fi^fura S. _Xn 
t^usbly S7^p -of tHa oaoos plottod, tbA oxportmantal 
TTpT»fi"^niTf» -w4tbin- l unit of tilfaiio line xe^reaeaiLa^; 

. Bq. Sd. Xn aU oa«e« tb« XSIPS prodiotod- 'iwl.tls ISci. 2o ia 
• JwXtbln O.S P^X uziit of ,tba zxiajoiznunx obaervjed .VAlua. 

ITVom. tKe auooeaa of 3Gi<i. 2d it ia ooxxoluded tliAt a 
aLcnple ol oots-o •ta.-ei o n\od«L doaoribaa qulta ■wall tha 
n^aobanlanx by wblob "oxide" avurfaoaa ajra obargod in 
Aqueoua aolutiona And -tbA-t Ei<j. 2o, witb approprlAte 
-val-uoa of , «rrj_a.y be uaed wltb. areaaOTi able eonfldanoa to 
predict tbo XBH*Q of simple oxide xnateria.ls. Pradio— 
tdonjB invol-vimj OIST — 8 abould bo made witli reeervA- 
tiona. Tbo valuaa of tbe oonatanta -A. and a ApproprlAte 
for oAob oooxxlLnAtion nuznbvr Are svinomajnaed in Tatola 
TX., 
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«eiui-v-a2*n«« poLa-ta <XQ]f> fox* -pa,«'b' ay^aet^ra..^ oqul-va- 
l«xLoa poin-t <^P> in tJxe i>£[ At Wbiob. gixxy selool:acl ipnir of 
j><u»itivo aixci noepatlvo ioxxs liai-vo ^qul^vAlsn-b oozkoerktar^ 
tiona. Tfcio BeleoMd iena> if l^ytiroaro Aomi>IcscKM, m.ra 
Ixidiontoct MsapJy b^r » i>aiz of nuxxxban io. i»ront.ti eaea, 
tlM finrt mclir>fi.tlng the xozilo oimrKo erf the positive Son, 
the aeoorkd tKe oluurs* of thA xMoative ion. 'ffiT= ><i ,i j or 
(-+-, — > la tho I>H: *t which <TVr'^COB:>,_^-*-) — CM--*-- 
<OEC>»+*— > And, l>eea.txse thA o oncxkntJr Atio cm of other 
species A.re nzmsU, !■ v»«w».ilj' eeneotlnHy oquoI to the 
TEJ'. rrhe pH of xzxiziizzrum eoH>h43it7, the pjeCIVie, 1* 
identloM.! with the TTCt*. X-hn £n?-C4,l.) ie the pXX a.ti 



whioh 4 Civr-^COKD. — CIVI'-^COIT)^— ). The BTP- 

<3,OIiJ ie the pH At whlcih 3<M:— ^<OH)._-^»> — <OH— 
rrhe relAtioziahipe mzhoxis the XESP'e end the -verioue 
KP'» nre lUuetrated Ija Fisure « where the oonoentn^ 
tlone of monoTiuolc«vx- hydroxo ooxnpleocee in eciulUbrlum 
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A.n<X np'M are oolIooMd in 'X'Abl* X. In -tho flrart and 
SACOiocl coltiXDUTL* tho XEI* and 3iJl'C3»l> oartroMnow roeultiAs 
Ir^m. conaldwratioix of all oitad li-tor&ktuiro (u-e si-vAn as -eh« 
lowei- ontzT- for oach elomoiic A. preferred -valuo i« 
e^'ven a« "fcho ujypor «ii-trjr-' "Xlxcsa -woro soloctocS toy 
autiiYU-cke Fait3c;ja«oli'e and SoKIndlsr l^ao') alAndami and 
Boloo'C£i^S additilona) da«a wUoro, noooaaasrsr from a-uthors 
tlioy had oh.o«an. S^ailinn in -fclu«, aja authoir T«rfto ehoaen 
•w>»o r«poi-«od a ^ -vory near ono aolooted by JT'olt.lcnoolii: 
and Sotiindler aa woll 'iun'ona eou^'htt, TAsuxbllsr Jr«(i^,J. 
In olhor columia tlio mAanLne: of rrvnltiiila an-Ln«a im Xixo 

IV. ^ .Ooxax^iATaoar OF-> X-us JaoicxjBcvaici JPoz^t'^^ra. oiv 
Sox.xx>a 7,xcoasi o» ZXirrtncuco Ooxcvzarot S^xsxnv " 

I£:I?6'b are oOTnpairod wl^li eoirreapondizxir XB:P'a 
In Pt^va 6, olwipua -Uxat tho. two Quan-Ci-Uo* are 

' MlAtttd, vflp^oially. for -the* hydroua osdd'OM -undhydnox- • 
IdM; howwv^gc-, dQtaiI«d (lo'mpaclaon of oaol^ .TTCgS and , 

In rrvixny oaseo Itie JTT.T^^ ia mora olo>aaIy apxuxxxiznajbed 
toy an KI? otti_CT t2ian -th* .TTRT>- T».tol« ttt Uata -the 
Tna-bvrioJa mtucli^cl in s*^VLpaaooordLIn|S to tho KI* which 
zpont) olosolx xna-bohe^ the XAFS. 'Whare Mveral X£IPS'a 
ore repKirted in T'ahle 1, tiho Y-alue Baleot«d for ooznpari- 
■on Ln rratole 3CX is s^irmx In paj;>vnttiesea. 

■Aft«r a«ud3r,of tho propitfaMdaa of tho nxat«rial« in eaah 
ftrous> . aweral trcctda oxneree : roatetrLals f ox- 

whioh XJSPS — XETP arc hydro\xa and. moatk hava CIST — 
p with OI^T ^ O ha^ro Crr — 4 and 
■wltti ttoo eocoeprtlon of ITgO , tha 



inatoriala for whioh ITST^Q — E1»<1 01I> evra oiLhor 
hyxlx-oua with CM — -a and r^. > l.O X. or aro "arxhyw 
droua" oxidaa which rohyxlrato vory alowly onoc Ihor- 
ovuilily dohydratod; <o> matoi-lala for wliioh IEI>S 
(=a* El*C2,OH3 a«» all "anhydroua" o»do« whiutk In looat 
oaaoa axhlhlt. at loaat ono othor IISI>8. 

n- -*.x>novii*Tio>J A.x>n> iDiaimi^r<aA.Tior« oxr 

'X'lis obaorvatloua of tho previous parasraph can t>« 
oxplalnod If It iu poot>ulat«d that: C«.) H-^, OIT— , and 
«J1 hydroxo csOmploKM proaont pla-y important rolcB In 
oatabliahinK svu'faoo ohareo and aro poton-Ua1>d«tormiu- 
ina lona C^i:>I> (AS> ; <b> all hydrosco ooraploxoo adaorb 
onto oxide mater lala phyaionlly with about oqual o^^ul- 
librtum oonatante in ea.oh caaa; and <o> Irt-*- and OX-l~ 
&daorb phsrsically or nozxdiaaoolatl-valy on aomo mato- 
riala and ohemlcaUy or dissoolatlvaly on othei-a. JDia- 
ooclatlve adaorptlon in^ol-vea diasoclation of aurfa.c;o 
— R4!OM sroups, a.ff. 

— IvtOS ^ M -t- _ — ZwlOU, ^= — Ivl * -#- ij,o 

and 

— IviOH on — — *- — ^•KO£*)fc- »■» -MO— H- llrf> 

with oqullibrl nm oonatanta detorininod t>y tho oatioo 
and ajBSumod nearly equal to ^hoae for the analo^ou* 
reaction a 

or 

M-*(OEr>-(tt<i> ^ M'^COK)„,-^»Ki> -I- Om- 

and 

Oia- -»- »«-*COMW»^) « JwL— »tOH>*..-C«iJ . 
Z^ondiaaocxa-tl'o'e or phynlool ndaoj^ption In-vnl-i^ea no dls- 
oooiatlon of oua-faoa — IVEOXX croupa and in aaatitrrad to ba 
Bo-vomod by oqulUbrium oonotant* neaa^y oqu al to those 
■ ftor ndaorption rff hy^Tosco oompleacea and the same for 
JET-^ and OS—. ■ Xho adsorption reaction » .aai* bo 
aentod t>y 



e- * . i 



THo X£:r>S lii thuo e<ix2al to -tuie if tiae X»IM. pa 

. cle«ex^n:nned - hy; ' relative oonoentratLona, ia any pair 
am&ns S-f- M--^<OEQ,_.'-^, and M-h-COKO»^«-, ' 

provided XSC* >tnd, OSl— adaorh dioaociatlvely . 1*he 
eqtulv^lenoo'of teC-»- and. Hit* -^(OII>,_i aa i»I>I ariaea 
beoauae devaJopn^ent of a poaiti^e aito toy ourfaoe dia- 
■ooiation or by formation in aolutlon nxxd eubsequent 
adaorptlon of «. monopoaitlve oomplex are indiatineuiah^ 
able prooeeeea. 

Tho -noar equality of XSPS and JJEF for materSaJa in 
coIumTi 1 , rrable aci, and t^e f-ot that for most ayatems 

Co:bi-} <a«i:--<osx»»-> 

(1S*> < OK 
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IS. 30, 11 a 

13, 2e, aa, SIO, 128 

ia, s», -to, etf 

IX, ao, 00, xoo, 
laa 

X3, ao. eo. 9«. xsa 



«o. es, 110 
x3, xo. ao, 9«, 90. 
ixe 

13, XA. Ill 

ao. 



<x. 



— O.a Cn>Ulo> 
CT-.T-O.OJ 



eo 



IS. SO, OS. oe, 94 



XO.O 

ca.T-xo. 03 
Zicrvj* _ s-io . ay 



1S« 30. 43 
37. 106 • 
A7, «o 

IS, 30, 01. 93. 



<7.»-7.0J 



;3o>. 



- 7.a CT35J tor -r-MOoia, 

o-aa <i3.o>. . 5rX>„ .-A-^ o-mow 

bokio alcao. JXPy — 0.0. Jtfe •JT, —7. 

' *i?B •JCu — 10;: ■ - 

«5H3.-: 



Xa O.X JU- XiCO., ao*". 



OAlly-. , _ 

1.0—7 (a»); ttae a 

_ CSLP.WMX b« M 1 

^„ , ^ ^8.a <1S>. - jr waxAtoo Bl 



mA^imJia witi22 OW — o or ON" — 
OH— ta»«,* OH- adsorbs <dis9oei«.iav^al7'. Boon. via o 

i^** ^^It^^^'-^* eQiiivaJont nn^l Wo 

r*I>r /or t,hoaa ro&terlaJs, OH— axi<3 2VI--t-_ 

of wbordier or lao^ hjndroaco uomploTcw 



I^at;0ri«J« listed 



colujcnxx 



. .,. . „ — — of Tabic ^- ■ 

IlEF&'a squta to EaP'Cl, OHJ, implying th^t tli* r'I>I 1 
tk4fAixi. M-*-COK>,_^-»- «m.d OH- but tli».t OH- AdAoi 



I are 

j OH— AdAorbn 

X>a tblo CMe tJio AbBAXioA of hydfojco 
oonapleaco* will obanere -tlio apparent rE3»S to m value 
S?**^ if U.-*- aloo Adsok-b* noTidimooiAtivelx- 

:^dro;>x> oomplo^ea a.ro lii:<ely to be abaeR.t In au«peixBioz^» 
of iexiltocl oxiaes suob M p-e,0, ttnd A I.O, wbloli Ckr« 
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. V*Ti> ' 



bot^ only aHahxly aolra-lil* , ,Jun<I * -very- ' slow -to C(»zn« 
■bo eq-uOibnuna.' "ScrUb of -t^faiMA mAte'rirOA tx^vo ono 

ni,«z^-bax- lxA« r<»i>or-t;o<i ovoTi. tJKo to-eaJ oonaon.tro.tloii 



her poaslblo a^lMorptioxL moobOLnJam xiukjr jpirove 
useful fai th« c3xi3ltt«x«.-tlozL of tbo x>oatu]»t«(A xioaciijuooia^ 
tivo >^«orptioxi. I* is c^wtAbllaiied, parti oularly for 

BlOa irela (4, TS). «bn,fe tlio fixat lAyor of *Mlsoi-b«d wAtor 
I« pj-ooont M — MOH cproups and Uuht -tbo ««oond la^tsr 
la bsrdroson booded «o «ba £k>«t. ITbua Krr-agrs such ns 
— IvTOHOj^ obotUd ba proaaut: on tmmoriMsd ovLrfxvoon. 
i:>i««oci*.tivo adaorptiozi. of H * or On— onto this sroup 
boon.ua a La^araotioxia wiU:i 3Vr--* ixi tfaJa oeuaa la n second^ 
order efToc*. ohould rofiao« -the obarae and aiaa of M'-*- 
only Blla>i"fcly, bemoa bo nearly irMllatuiffutalxa,bIe from 
■tbe poatulatod pbyalo&l or nozidiaaoclati-ve a<i9orr>«.ion 

It 1« oonced-vfvble 4>b»« h:]r<3ro3co ooraplex ione othttr -bbe^ 
Ihoao whlob are znoa-L cono9nti-at,ed noar *bo XIBP8 could 
uourp -fcbe donxinaat po-tential-detemiinine role. 

Re,i:Lpaob'e <©©> aiudy of «fae aolubiUty of aluminum 
oxybydroaddee aod hydro^ddea led bim «o- believe tbat 
tlie predominant ion In e<iullibrlum witb <»-,Aa<OII)m 
ftnd o-AJOOZI. 5la AlOU^-^ and jbbai^ i»» equilibrium witib 
"bau-adte" and -c-AlOOU or '■preolpi^ated AlCOH>," ia 
AlC03a:)»-^. Witb<yut si-v^ne physical reaaona, ho pro- 
poaed a nxeohanlasn by Tvbiob. the solution £a depIe«od 
Al"-*-, Iaa-vin£t,-A10K[*-^ tbe predominant .potential- 
detayi r><n f n g ion ija tbo appropriate ayarteme. 

XJa-oh elenrtent licrted. below haa at leaat one lEOPS 
(reported by more than one author) wiilcix lo more 
oloaely approjdxixated by EiF<a,OBC> or JEPC^.l) than 

by the or ja:3?<a ,OS> . 

■AKIIXJ ZSOra — S ]SX>C».OS) — a.S lEP — 7,© 

^•CniJ 'xjEPB — o.TT KF(:%03S7 — fi.-A cif -'.-^Ta. 7) /reap — a.o 
"Tiiccvi iKPs — . o,« Ba*ca*Ai — e.i» . Mnr» — ix.7 
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/ -liix toiizii-v-o ll9ta of Iflooloct^o x>*>ixvtn of aniirl Avirin 



wo f«U to co«-«l«ti with C^/J?^.,/ -rw™!^* -Sd ** .«»*«*'^^**? oorr,i,o«riUox* of th« «olld *nd the 

i, xxxd tlk« liquid irL thMo oosos Hcrwovox- ^Taittii^ tHo lEPS oh»rcMit«H»tlo of tlio Impurity oxido. 

^ : «-ii-*ioj--t?fic.tio»fox thof^t^o^ss^i^;^ ^^?to'^^^:^S^'t^*^:r,=?*';f'^^^ 

or ojpoo wliich to bAoa oolectioii i>f the ««olu*Ive ™ti^SSu ^^«^f IE:i>S toward tUftt oh^o- 

S!l : lUtujJMh coo, 100> »lso found tiha.t tK» »aid ttoIubiUty- , »x»oot onaos by an eJeotroatixtlo modal tnvol-crinjr 

. -tho oxyh^rdroxidos And bjrdrondM of fUuminum wm the <di^«« to radloB jr&tio Aod th« ooorxlLr.n,UoTi nunib«r 

«li*l-tt<it«rlBtio Of c*->A.],03 ax (unoT^yhoua AJfOlT>« f**- flold nmd lvydJf».tlon oorroottOTia. 

, ^OOHT) whilo tho aolubiUtjr in bMla •olutiona woe The lETPS ojad IE:I> dafinit«^ ^«ttod and lu-e 

chATAoterlBtio of o)T -y-AKOUJ,. Tl>i. ^aSoot "^"'^y hydrovi* zn(Lt49zlAJa; how«»xr«i-, foa- a. 

rooxyntoJiLBtttlon of th« wurfAo« A<;compjL«.TVylnK th« •l«rilfici»*i.t numbox- of Tn&terlala thex-o ni-o othar teJ?"* 

.ahaj^eo in jpPX. (Tlia roiatlvo stAbilit^r of I^oOQM A«>d whioli mora olo0«ly apDi-oxlxirato tho lEPS. ^^horo 

^ :F'«kiO. 1» dependent. The i-e*otion la alow in buUc *1>P««^ *o bo BOTre.rtvl na«oh&nijuna by which HE*, OH—, 

^ , but j|>ioauniably oooura quiokJ^'' a-t tbo Bolid-^olution hydroxo oomj^lexaa x>rMont detemuno the 

J^texfftoe <117)0 JSToMnstUy tho IBJI* la indoj>»ndant of ««rf*oo charge on lmmor*«d oxide ni«vterfai«u P\uther 

m theetfcte of h3rd<«tion ox orsnat&lline modiAoation of the ^O""^ needed to (tl«xify- the faotora dofsidlns which 

^.'i*** hooftx*e« the freo enerjcv- lorma x-opre*entins ^oche*«^^ prodominatee In m. si von oaae, but it ax>x>eaz« 

). / **«-fl*<3cttno«Ilno<aoulAtion of tho equilibriuro constant m^teriala adaon>tion of OH- and 

^ j fo>-thenetre&ctlon M -^<0H:>.^-^ c«ii be dl»tlnaulahed fjrom amphoteric 

o- I „ ^ . ■ >*.«&»v<»»«^Z*d^»»»«f^<*. The author im aratafUl to 

^ ^TZT^^' r ^^-^t^^ €«• oompoirttton of tSie aolld S- AtonUo Enoray OommjLMlon for ^aneJaa au^c^ 



, the cquUIbrium oouatant for tZila »»>-+.4n« «« i i_ a. -»n t>,„ n a ' — ^rr*'*'.' 



^ttie equIUbrium oonotant for thia reaction or In calcula^ B. O. XA, and O. I»urceU, and 1^^^ O K 

» 2^ ^^^'f'^'^V^^^^^ t«Wn« Lnto recount VoHn, a:nd O. L. FlanlA^nSn f oT^:;,SJ^n ^^^^ 

JSt^I^ chanaa. IPor the' uni>ubli«hod data. And to r>r. Q. XJ^T^d^^^ 

I - • i^^it'S^!:^i.-*" ^^fr^^^ o«3-oUXated on the ' J- Andoracu. Jr., and O. Ko^i for ^^^^^ 

1 ' ^S^J?^ AlCOBCJ.-^ la j?roducod = throuah ' - 'ovlewo of the jmanuaorlpt. X>r. do Bru^Td^Mw™! 

. ■ .^5^^^*^'' *Ho solution witii an an^o^hcS* cp-dal thanlca for atixnuE,t2n« inl«al tot^^ 1^^^ 

I ' ^JffjS*^ ««^f*o^tad, that AlCOHK- ia product- B;ub5oot. * OThe palAont ta^jlne^^d :proof>^oLS^cf ^«S^ 

• . *9uiIiTw«tJ«n ^th -wlU a^^<OI3C), aUrffc^jo. • draft* t-y K<tra, .O. Baca tSid Iv^ ' amdM™ !^^^ 

1 " ?^'^fi^A*i.i-c<'»«^«»~blybatt^ Slc1ddnir«i^n.uchappr.^?^d. I-. . 1^. . 
J- ob.«^ed 3H^S for Al,0, (hyd) <IEI>S _ o.2) than i« the 

nomnaairEP CpH7.SJ. Tho naoat baado reiP oaloulabla VI. Rximzunsrotes 
in thiB way for TP^Om aaaumaa that the aurfi 



wnorphoua 'hydroxide when ac£d and ^It^^ST"*^ ^ i*^**^ Oorin, M. h., 'aci^o- 

ba^c The _ To^S. :^ctuS?SS«^^ JHS^Jl'^to^^^tr.^^o ^^^^T^r,^ ^ 

'With the moat baaio observed riEPS ~ O.O. Xn axilte of x>. aa 0. — x^ow jcorx. «. tt-, 

tlao rooderata auooeaa In these two caaaa. no phyadoal Alb»»tb»om. a. E., "A4a sa^otrocibaixdoal stud* o/ the 

«^n upon^ch to baao pradiction of clrou«..tano« ^^""^ i:>.P"-«- 

S^!^eS>.^ xnodlflcation no.- any <»J A~pWa«, c. S.. m^^^/^.. ^ J., 

apparent. <*> .AiMl«r«or». J. Bt. Jr.. >uid W3ak«izsb«&m, BT. i?wrfa«« 
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<0} .A^Oenioi 



Aoti-^lxjr, " naxtaarworliha UrAmix-LUlo X^roM Lon- 
don, 10S7, p. 07, 

<7'> AdImh, ■B", sr.. euail JFximrtHjmtxmXM, JL». W., "ITrotli VlotAtlon 
SOt.ti Ajuii^«n«wry- Volumo," X>. W. T-mn-rtroTinn, Ed ' 

■a^MUam." Jolsn Wil^y Sonat, Itio.. isr*w ^^»J^ 

«*: *** <'*5 «^ 

Stxtom, p*raoattl eaixum.uixtoA.tJ an, xOC«. 
^^^^^^^^ Solilii<tl«r. X>.. ^efa CAam. fi-cond., 11, 

<l.a3 Sllc«raaa.fv. J, J.. "Bui-ru). CUvxalaliy for T^rt...»-t-i xUfc- 
**^oi?'" Ino., £?aw Voi-k, BJ. 10^7, 

<13) »j*(mu», J., Baliwmvou1r>*c;K, O., mud SJUda, 1^ O., "Sfta. 

J>ubUaaUaix ISTo, T. OTbo Obamioal Sooiot^. Xdmdon IQOS 
Cl-*3 a*Bo«ir. J, H., a«miA.n«, IMI. IB., mnA ^•mIcIxw., J. li*, J^roa 

<105 deSo*>-. J. H.. XJnaara. 13, cuxd OlcUor**, O., JCottitM. 

«A<tM. .A<:<<^ S, Ml C1003). . . . ^toctno- 

13 ei Btowtv J.. J-Mi?, W, J., aTdd Xt.f«<ail«^ I>„ ^. .AssW. OAtffn. 

<aoj d« JBruT^ r*, r*.. m^I .^.^m-, <A.-^„ "P"ro-U> T^o^ation. OOtJv 

In««tlu-tB of MizOziB, 3VH m- a^ oaJ and PetfOlnuzi TBa^ 
■ afixmeacm, Ino-. »T«w lr«a^ isr.. 1003. Ctb^T^-u^ &. 

ulques to XUElxMirAl JBrtuf^^rinv. J^obleixia," Prouwa 

0«mi«r«JX Iffiu. 31, Oo«. 3.0 OS. , 

<3a> J>(atAxnb*, K., -da Zoubo-v, .XX., ojatX f>otxrl)«dx, M-, 'rP^Baad^* 
bia«ii Sarmtli T&WTTuv«io«a> Ooxhmi-tAaa of Slaoteoobaml- 
oal 'Xbavmodynamlotf XC£n(M>l<:w COITCffiiX I^^ndeii. 

l.©»»j" X»Uti1w«^*«irfalia • Batanllfio X^aao, XkkadOD, lOaT", ^ 



lOAO. 1>- rllT- a. 
CCA? DoblAO;, B., Sgmni^j 

OmcA. Chm. Ctmm 
<aay I>owxi«7', E^aikar 

Pl^^raiaal CEianat>tK>- Dl'vlKion. of i>lxe JLxximT±< 



"tad At th* lOse ly^aMizic at tlia 




<a03 mwtUnechun, O. 

CffoatlUta." NX. ITImm 

And ITaotinoIoay. lUOn. 
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(aVJ Oaya^, IC. UC,, OAd Oa^rratt, A. D., J*nt«. W4ta 
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<aS> CJa-yaa^ IE. H.. «Ad Uadar, M.. ^. OAm. .Sao., S03a 
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C1007). 

C*aj Omyar, IC. II., l-hwmKMon, I- C, and 

C^fimwn.., SO. ISAQ CI SOS). 
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C»0) I»A, I. M., ajrul Awod. B. A-, J". J»Am_ C*»-^, 91 



<1.0M). 

CS1> Iwmai^klcl, 1.. Ooolea, B. Xt, 
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433)- 
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COaJ Zwauld, I., OoalM, S. aAd XCUn.-'V. 
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v^, eocieex). 
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ao47 <isi3a>. 

<«3> B:oa*miii», 2;. r,. Balova. M. r., aiid An-nnllroT 
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<00) I*ra.-vdl<v v., ajad Solnuui, S., Crwi 
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i^otot, ^7 
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d XtoMo^U, ir., C7A«.*«- JStuuta. 

•iid TWytor. C. a.. T'rott*. 
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. tfAtffM.. o». 1007 (1000). 
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